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II. List of Nomenclatures 
o 广 
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IUPAC ; 1,3-Indanedione mono(oxime O-crotyl ether) 
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o i > -
IUPAC : 1,3-Indanedione bis(oxime O-crotyl ether) 
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RJPAC : 2,3 -B enzo-4-aza-1 -methylfluoren-9-one 
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The unique diazafluoranthene alkaloid eupolauridine (l)
1，2’3 was 
synthesized by a three-step route utilizing the thermal rearrangement of an 




 was found 
not to be effective for the same purpose. On the other hand, a Friedlander 
reaction
13
 was employed for the synthesis of a bexizo-annulated derivative 
of eupolauridine, 9. Also some attempts on the synthesis of a
:
 heptacyclic 
aromatic alkaloid, eilatin (10 )
1 4




The unique diazafluoranthene alkaloid eupolauridine (1) was first isolated 
from the bark of Eupomatia laurina R. Br, by Bowden, Ritchie and 
Taylor in 1972
1
. Later, in 1976，it was also found present in Cananga 
odorata by Leboeuf and Cave
2
. 
Since the-amount of the' alkaloid available was very small, its structure 
was not determined until-1975
3
rand-the-initial structural assignments relied 
heavily onzspeetral_argumeiits.-
When considering the spectral data of eupolauridine, its, molecular 
formula (C14H8N2) and its high-intensity UV absorptions indicated the 
presence of an extended aromatic chromophore
3
. The absence of 
absorptions in the region above 3100 cm"
1
 in its IR spectrum showed that 
both nitrogen atoms must be tertiary
3
. The mass spectrum, which had no 




The NMR spectrum (100 MHz) of eupolauridine, which consisted solely 
of a pair of AB systems, each of two protons, and a pair of second-order 
multiplets, each of two protons, also revealed the symmetry of the alkaloid. 
By double resonance experiments it was concluded that the two protons 
resonating at 5 8.63 were coupled to the two protons resonating at 7.29 ( / = 
6.0 Hz), and that the multiplets at 5 8.02-7.80 and 7.52-7.30 arose from an 
5 
AA'BB' system, almost certainly forming part of a symmetrically o-
disubstituted benzene ring
3
. The chemical shifts and the coupling constant 
of the AB system were similar to those recorded for the a-H and p-H of 
pyridine (5 8.66 and 7.20 respectively, J = 5.7 Hz). Furthermore, both 
bases exhibited the same unusual behaviour on protonation (addition of 
CF3COOH to the CDCI3 solution) in that the shift of the signal from the p -
H was greater than that of the signaLfrom the arH (J3 -H, A = 0.43一and a-H, 
A = 0.12 for eupolauridine; /3-H—A-=-l:06 and a-H, A = 0.25 for pyridine)
3
. 
These resultsisuggested that the structure of eupolauridine might be 1 or 
2. . . . 厂 
“ f ” • ‘ . 
0 ¾ 0 ¾ 
1 ^ 2 
Additional supportrfor-1 and 2 was the observation that the U¥ spectrum 





FinaHy 3,4-diazafluroanthene (2) was synthesized, but was found to be 
different from eupolauridine. Structure 1，1,6-diazafluoranthene, was also 





The general plan of this eupolauridine synthesis
3
 (seven steps) included a 
Hantzsch synthesis of a suitable pyridine derivative, namely onychine 
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 (4) was obtained by cyclization of 4-methyl-2-
phenylnicotinic acid (5) with polyphosphoric acid (92% yield). Compound 
5 was in turn obtained by condensation of ethyl benzoylacetate (6) with 
crotoiialdehyde in the presence of concentrated ammonia followed by base 
hydrolysis (8% yield). Condensation of 4 with diethyl oxalate in the 
presence of potassium r^rr-butoxide gave the ester 7 in 78% yield, which 
was then converted to the amide 8 in ethanolic ammonia (46% yield). 
Hydrolysis of 8 then famished the corresponding acid which was smoothly 
decarboxylated to 1,6-diazafluoranthene (1), and was found, to be identical 
with eupolauridine. However, due to the low yield of the first step, the： 
overall-yield-for this synthesis was only 1.3%
3
. 
In 1989，Bracher reported another synthesis of eupolauridine (Scheme 
II )
6
. In this synthesis, compound 5 was obtained by employing a 
methodology similar to that mentioned above. However, the yield of this 
i 
modified method was mucli better (42%)
6
. Compound 5 was then 
converted to onychine (4) by polyphosphoric acid as mentioned before
3
. 
Finally，a one step cyclization using iV,iV-dimethyl formamide diethyl acetal 
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In order to explore other avenue for a short and economical preparation 
of 1，we have devised a three-step route, employing also the Bracher 
cyclization
7
 as the key step. In addition, thermal rearrangement of ail 




^ was utilized for the preparation of onychine 
(4), Somewhat surprisingly, Breitmaier reaction
11，12 was found not to be 




employed as a key step for the synthesis of 9 which Is a benzo-annulated 
derivative of 1. 
0 ¾ 
9 10 
Exactly the same strategy might be applied to the total synthesis of 
another structurally related alkaloid eilatin (10)
14
. Eilatin was isolated 
from the Red Sea tunicate Eudistoma sp. together with segoline A, 
- , , 、 ， ‘F 
isosegoline A and nor-segoMne by Rudi, Benayahu, Goldberg and Kashman 
in 1988
14
. These three compounds possess the same diazatetracyclic 





, whilst eilatin is the first fused heptacyclic aromatic 




Eilatin (10) was purified by several chromatographic procedures and was 
eventually crystallized from chloroform-methanol-water. Its molecular 
formula was reported to be C 2 4H 1 2N 4 , by HREIMS
14
. The NMR 
spectrum
14
 showed six aromatic protons which were assigned to four 
adjacent protons (8 8.70 d, J = 8.0 Hz; 8.68 d, J= 7.2 Hz; 8.00 t,J二 8.0 Hz 
and 7.87 t, J = 7.2 Hz) on an 6>rr/z^-disubstituted benzene ring and two 
. f V : • 如 1 0 
j • • 





 consisted of twelve carbon lines 
corresponding to six tertiary carbons and six quaternary carbons, 




Many alkaloids isolated from marine tunicates having the tetracyclic or 
pentacyclic aromatic system are pharmacologically active (antitumor, 
antiviral
17
 o r antiaeoplastic- actmtres
18
), and therefore, the potential 
biologicaLactivity of the heptacyclic aromatic-alkaloid-l 0-should. be worthy 
of investigation. Furthermore, transition metal complexes containing 2,2'-
azabiaryl ligands have aroused a good deal of interest in- recent years, 
mainly because of their uses in the domains of photochemistry, 
biochemistry and organic synthesis
19
. Eilatin (10) incorporates two 
azabiaryl substructures with C2 symmetry and should be of special interest 
due to possible formation of polymeric coordination compounds which 
may possess potential electric conducting capability. Because eilatin was 
isolated only in a meager 0.001% yield from natural source
14
 and because 
to the best knowledge of ours, it has not been synthesized, we also 
undertook an investigation of its synthesis in the present study. 
Reported herein are our results on the synthesis of eupolauridine (1) and 




V. Results and Discussion 
1) Synthetic strategy for eupolauridine (1) and 2,3-
benzo-1,6-diazafluoranthene (9) 
Eupolauridine (1) has been synthesized from onychine (4) by Bracher
6
. 
We envisaged a new—approach to 4 from 1,3-indanedione (11) (Scheme 
III). 
Scheme HI 
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By the same token, benzo-annulated derivative (9) could be synthesized 
from 2,3-benzo-4.aza-l-methylfluoren-9-one (12) which, in turn could be 
obtained by a Friedlander condensation
13
 of 1,3-indanedione (11) with 2-
12 
./ i . . 
i 
aminoacetophenone (13) (Scheme IV). 
Scheme IV 
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 was first employed for the synthesis of 
onychine (4), using 1,3-indanedioiie (11) and 4-amiiiobut-3-en-2-one
n 
(14) as starting materials. The requisite amino enone 14 was prepared in 
two steps starting from the aluminum chloride-catalyzed reaction of 
acetylene with acetyl chloride to give 4-chlorobnt-3-en-2-one (15) in 60% 
yieldu，whose XH NMR spectrum (NMR-1) exhibited signals at 5 2.28 (s, 
3H, -CH3), 6.50-6.55 (d, 1H,-CH=CHC1, / = 13.7 Hz), and 7.28-7.34 (d， 
, 13 
1H, -CH=CHC1, J = 13.7 Hz). Amination of 15 with aqueous ammonia 
gave 14 in 83% yield
11
 (Scheme V ) ， N M R (NMR-2) 5 1.95 (s, 3H,-
CH3), 4.94-4.97 (d, 1H, -CH=CH-NH2, / 二 7.5 Hz), 6.64-6.68 centered at 
6.6d.(m, 1H, -CH=CH-NH2). 
Scheme V 
o 
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Unfortunately, the 3-methyl isomer (4-aza.-3-methylfluoreii-9-one) (16) 
was obtained (81%) instead of onychine (4-aza-l-methyl-fluoren-9-one) 
(4) when Breitmaier reaction
11，12 was carried out (Scheme VI). The 
NMR spectrum (NMR-3) of compound 16 showed absorptions at 5 2.65 (s， 
3H, -CH3), 7.05-7.08 (d, 1H, _ J = 7.7 Hz), 7.39-7.45 (t，1H, ArH, J _ 
7.4 Hz), 7.52-7.61 (t, 1H ArH, / = 7.4Hz), 7.69-7.72 (d, 1H A r H , / = 7.4 
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The formation of 16 can be explained by an exchange of the hydroxyl 
group of the enolized 1,3-indanedione with the amino group of 14 to give 
17 prior to the cyclization
12
 (Scheme VII). 
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In order to eliminate this exchange process, we switched to use 1-
indanone (19) as the starting material, with the aim that the degree of the 
enolization would be reduced Onychine (4) could then be obtained by 
oxidation of the cyclized product 20. However, the wrong 3-methyl 
isomer (4-aza-3-methylfluorene) (21) was also obtained again in almost 
quantitative yield (Scheme VIII). The 屯 NMR spectrum of 21 (NMR-5) 
showed absorptions at 5 2.63 (s, 3H, -CH3), 3.72 (s，2H, -CH2-), 6.96-6.99 
( d ， 1 H ， J = 7.7 Hz), 7.32-7.50 (m, 3H, ArH), 7.58-7.61 (d, 1H, y-H, 
/ = 7.7 Hz), 8.10-8.13 (d，1H, ArH, / = 6,8 Hz). The structure of 21 was 





19 z ' - ' 20 
+
 ^ ^ ^ 
0 80% aq. C H 3 C 0 2 o H ^ ^ ^ r ^ v ^ y ^ 
14 2 1 
0 於 
KMn04 r ^ V ^ T ^ ^ l 
H^O 一 %Ji—— 
^ ^ N , Me 
Acetone 
16 
To combat the aforementioned difficulties, another approach was then 
designed (Scheme IX) in which the thermal cyclization of 1-indanone 
oxime O-crotyl ether (22) and 1,3-indanedione oxime O-crotyl ether (23) 
was to serve the pivotal step
4
’8，9，io. These oxime O-crotyl ethers were 
prepared by reacting crotyl hydroxylamine hydrochloride (24)
8
 with 1-
indanone (19) and 1,3-indanedione (11)，respectively. The crotyl 
hydroxylamine hydrochloride (24) was in turn prepared by a two-step 
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24 2 Steps 25 
Crotyl chloride (25) was converted to iV-crotyloxyphthalimide (28) on 
reaction with N-hydroxyphthalimide (27) under basic condition (Scheme 
X) (95% yield)8. The iH NMR spectrum (NMR-7) of compound 27 
18 
exhibited absorptions at 6 1.69-1.72 (d, 3H, -CH3, J= 6.5 Hz), 4.63-4.65 
(d，2H, -0-CH2-, J = 6.5 Hz), 5.80-5.84 centered at 5.82 (m, 2H, olefinic 
H) and 7.73-7.86 centered at 7.80 (m, 4H, ArH). The N-
crotyloxyphthalimide (28) was then hydrazinolyzed in absolute ethanol to 




H NMR spectrum 
(NMR-8) showed signals at 5:1.72-1.75 (dd, 3H, -CH3, J34 = 6.2 Hz, J24 = 
1.2 Hz), (dd, 2H, -0-CH2-, J12 = 7.3 H z ， J 1 3 = 1.2 Hz) and 5.56-5.83 
centered at 5.69 (m, 2H, olefinic H). 
Scheme X 
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Reaction of 1-indanone (19) with O-crotyl hydroxylamine hydrochloride 
19 
I 香 港 中 文 大 學 圆 畲 俯 J T " 
•0 
(24) in ferr-butanol under nitrogen at 130 °C (oil bath) gave 1-indanone 
V 
oxime O-crotyl ether (22)
4
 (Scheme XI) in 44% yield as a colorless oil: 
lR NMR (NMR-9) 5 1.73-1.76 (d，3H, -CH3, J = 5.4 Hz), 2.87-3.03 
centered at 2.95 (m, 4H, -Ci^QJ r)，4.61-4.63 (d，2H, -O-CTfe-，J = 6.1 
Hz), 5.77-5.81 centered at 5.79 (m, 2H，olefinic H)，7.26-7.33 (m, 3H, 
ArH), 7.69-7.72 (d, 1H, ArH，/ = 7.5 Hz). 
Scheme XI 
+ W ) h ， N 2 : 
^ - ^ 0 130-140 ° C , " 
,, fl 
O Q 、 
^ ^ S r
0 
22 
On the other hand, drop wise addition of a solution of O-crotyl 
hydroxylamine hydrochloride (24) in rm-butanol to a refluxing solution 
of 1,3-indanedione (11) in ^rf-butanol under nitrogen followed by 
refluxing for 16 hours gave two products (Scheme XII)，which were, 
identified as: 
a) 1,3-indanedione mono(oxime O-crotyl ether) (23) (50% yield):
 l
U 
NMR (NMR-10) 5 1.75-1.77 (d, 3H, -Q£’ / = 5.9 Hz), 3.39 (s, 2H，-CHr)， 
4.67-4.69 (d, 2 H ， - 0 ^ - , / = 5.5 Hz), 5.70-5.89 centered at 5.80 (m，2H, 
olefinic H), 7.50-7.56 (t, 1H, ArH, /=7 .6 Hz), 7.65-7.71 (t, 1H, ArH, J = 
20 
I 
7.6 Hz), 7.80-7.86 (d, 1H, ArH, /=7 .6 Hz), 7.93-7.96 (d, 1H, ArH,/二 7.6 
Hz), and 
b) 1,3-indanedione bis(oxime O-crotyl ether) (29) (25% yield):
 l
R NMR 
(NMR-11) 5 1.73-1.76 (d, 3H, -CH3, / = 5.9 Hz), 3.60 (s, 2H,-CH^-), 4.62-
4.65 (d, 2H, -0-CH2-, / = 5.4 Hz), 5.72-5.81 centered at 5.77 (m，2H, 
olefinic H), 7.38-7.42 centered at 7.40，7.75-7.79 centered at 7.77 (two 
1:1:1:1 quartets, AA'BB' system,/^ = 5,8 Hz, J ^ , = 3.2 Hz). 
Seheme^ XII 
O 
JT • • • I I J I 
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 (Scheme XIII) for 48 hours afforded two products, which 
were identified as: 
a).4-aza-1 -methylfluorene (20)
4
 (16.6% yield), NMR (NMR-12) 5 
2.51 (s, 3H, -CH3), 3.86 (S,2H, -CH2-), 7.13-7.15 (d, 1H, j3-H,/=5.5 Hz), 
7.44-7.53 (m, 2H，ArH), 7.59-7.63 (m, 1H, ArH), 8.35-8.38 (m，1H, ArH) 
and 8.45-8.48 (d, 1H, a-H, / = 5.5 Hz),-and--
b) 4-aza:"3-nietliyifIuorene (llO^^S^ryield》which showed physical_and 
spectroscopdcrproperties^ideiiticai to; those of—an authenic sample. 
4-Aza-1 -methylfluorene (20) was then oxidized with potassium 
permanganate to onychine (4) in 68% yield (Scheme XIII). Onychine 
(4) forms yellow needles from cyclohexane, m.p. 132-135 °C. The 
NMR spectrum (NMR-13) of 4 showed absorptions at 5 2.61 (s, 3H, -CH3), 
6.93-6.95 (d, 1H, / = 5.3 Hz), 7.37-7.43 (dt, 1H, m-ArH, J _ = 7.4 
Hz， Jmeta = 1.2 Hz), 7.53-7.59 (dt, 1H, m-ArH, J o r t h o = 7.4 Hz, J脑=1.2 
Hz)，7.64-7.68 (dd，1H, ^-ArH, Jortho = 7.4 Hz, J贿=1.2 Hz), 7.78-7.82 
(dd，1H，o-ArH, J o r t h o = 7.4 Hz, J譲=1.2 Hz), 8.38-8.40 (d, 1H, a-H, / = 
5.3 Hz). 
22 
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On the other hand, the thermolysis of the l，3-indanedione mono(oxime 
O-crotyl ether) (23) in quinoline under air at 170 °C for 72 hours 
furnished exclusively oxiychine (4) in 18.8% yield (Scheme XIV). 
Scheme XIV 
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3) Preparation of Eupolauridine (1) 
V 
Onychine (4) was then converted by a procedure similar to that 
described by Bracher
6，7 to eupolauridine, using N,N-dimethyl formamide 
diethyl acetal in refluxing A^,iV-dimethyl formamide as the solvent. The 
yield was 83% (Scheme XVI). Eupolauridine forms yellow needles from 
light petroleum, m.p. 156-157 °C. The
 l
U NMR spectrum (NMR-14) of 4 
displayexiisignals_ati 5 _ 1 . 4 4 - 7 . - 4 . 6 - ( d ; ： 6 . 0 - Hz), 7.48-7,51，8.00-.一 
8‘03-(two: 1:1:1:1 quartets, 2 AA'BB，systemsTJ^: 5.4 Hz, J ^ , = 3.2 Hz), 
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4) Preparat ion of Benzo-annulated derivative of 
Eupolauridine: 2,3-Benzo-1,6-diazafluoranthene (9) -, 





 of 1,3-indanedione (11) and 4-
aminobut-3-en-2-one (14)，Friedlander condensat ion 1 3 of 2-
aminoacetophenone (13) with 1,3-indanedione (11) in refluxing 80% 
(v/v.) aqueous acetic acid afforded 12 in almost- quantitative yield. 
(Sckeme X-VII) . The NMR spectrum. (NMR-1.5) o£JL2 wiULbfc 
discussed in Section V5. 产 
Scheme XVII 
0 0 
八 义 A A 




0 ^ 0 
12 
2,3-Benzo-4-aza-l-methylfluoren-9-one (12) was then cyclized wi±N,N-
dimethyl formamide diethyl acetal to the 2,3 -benzo-1,6-diaza£luoranthene 
26 
* 
(9) as described before (Scheme XVIII ) . The yield of 9 was also 
quantitative, and its NMR spectrum (NMR-16) will also be discussed in . 
. > 
Section V5. . . 
Scheme XVHI 
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5) NMR Data Interpretation of 2，3-Benzo-4-aza-l-
methylf luoren-9-one (12) and 2，3-Benzo_l，6-
diazafhioranthene (9). 
The m NMR spectrum (NMR-15) of 2,3 -benzo-4-aza-1 -methylfluoren-
9-one (12) shows three sets of multiplets 5 7.46-7.50 (2H); 7.62-7.76 
(3H)，and 7.99-8.04 (3H). However, the peaks within each set could not be 
27 





R COSY (Fig. 1)，it can be seen that there is one set of peaks 
inside the multiplet at 5 7.99-8.04 which is correlated with a set of peaks at 




H NOESY (Fig. 2a, 2b) show that the same set 
of peaks a t 8 7.62-7.76 are correlated with methyl group protons on the 
pyridine ring. Therefore the set of peaks at 5 7.62-7.76 are absorptions of 
the benzene ring protons annulated to the pyridine ring and the set of peaks 
at 5 7.46-7.50 are assigned to H5, H6, H7 and Hg. 
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¥L NMR spectrum (NMR-16) of 2,3-benzo-l,6-diazafluoranthene (9) 
consists of two doublets at 5 7.93-7.95 and 8.84-8.86 ( / = 5.9 Hz). These 
are protons on the pyridine ring. There are also two aromatic systems at 5 
7.50-7:87, and at 5 8.02-8.42 which belong to the two ortho-disnbstitatQd 
benzene rings. From, the 2D COSY (Fig. 3)，the two doublets at 8 
8.28-8.32 and at 5 8.38-8.42 ( J o r t h o = 7.8 H z , = 1.4 Hz) are correlated 
with the- two doublet of triplets at 8 7.66-7.73 and at 8 7.80-7.87 (Jo r t ho = 
7,8:1¾ J ^ ^ = 1.4 Hz), respectively, corresponding to the benzene ring 
fused: with the pyridine ring because: of 也eir greater downfield chemical 
shift. The multiplets at 5 7.50-7.54 centered at 7.52 correlated with the 
multiplets at 6 8.02-8.06，and at 5 8.12-8.16. They are assigned to H7, H8, 
Eg and H10. 
6) Synthetic Study of Eilatin 
Eilatin might be synthesized from 30 by employing the Bracher 
reaction
6，7‘ Compound 30 might in turn be obtained by several steps 
involving a Friedlander condensation
13
 of the mono-protected triketone 31 
with 2-aminoacetophenone (13), which is followed by hydrolysis and 
oxidation . The triketone 31 might be in turn obtained from the monoketal 
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In an attempt to prepare 4 ,7-dimethyl-2 ,3 ,8 ,9-dibenzo- l ,10-





 (34) with 2-aminoacetophenone (13) was carried out 
to give 4，7-dimethyl-2，3，8，9-dibenzo-5，6-dihydro-l，10-phenanthroliiie 
(35) in 76% yield
13
 (Scheme XX). The 屯 NMR spectrum (NMR-18) of 
35 showed signals at 8 2.74 (s, 6H, 2 -CH3), 3.25 (s, 4H, 2 -CH2-), 7.55-
7.61 (t，2H, 2 m-ArH, Jortho = 7.6 Hz), 7.67-7.73 (t，2H, 2 m-ArH r J o r t h o = 
33 




 7.6 Hz)* However, oxidations of the 4，7-dimethyl-2，3，8，9-
dibenzo-5,6-dihydro-l,10-phenanthroline (35) with various oxidizing 
reagents (PCC, KMn0 4 , Br2, Se02，(PhSeO)20) were unsueeessM. 
Scheme XX 
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In another attempt, mono-protected 1,4-cyclohexanedione was employed. 
The required mono-protected 1,4-cyclohexanedione (32) was prepared in 
four steps from diethyl succinate as outlined in Scheme XXI. Self-
condensation of diethyl succinate by treatment with sodium in ethanol gave 
2，5-dicarbethoxy-l，4-cycloliexanedione (36)2^23，whose XH NMR spectrum 
(NMR-19) exhibited signals at 5 1.29-1.35 (t，6H, 2 -CH2CH3, / = 7.2 Hz), 
3.18 (s, 4H，-C〇-CHr)，4.21-4.29 (q, 4H, -CH2CH3, J =7.2 Hz), and 8.55 
34 
(s, 2H, enolic H). Prolonged treatment of 36 in 80% phosphoric acid 
V. 




NMR spectrum (NMR-20) showed a sharp singlet at 8 2.72. Dione 33 was 





H NMR spectrum of 37 (NMR-21) exhibited absorptions at 5 1.79 (s, 
8H, -CO-CH2-), 3.95 (s, 8H，二O-CHr)，which is in complete agreement 
with its structure. 
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The bis(ethylene ketal) 37 was then transketal ized with 1,4-
cyclohexanedione (3 3) to give the 1,4-cyclohexanedione mono (ethylene 
ketal) (32) in 50% yield24, whose  lH NMR spectrum (NMR-22) showed 
signaKat 5 2.00-2.05 (t, 4H，-CO-CH2CH2-, J= 7.0 Hz), 2.50-2.55 (t, 4H,-
CO-CH2CH2-, / = 7.0 Hz), and 4.05 (s, 4H, -0-CH2CH2-0-). 
However, oxidation of 1,4-cyclohexanedione mono (ethylene ketal) (32) 
with S e 0 2 did not give the desired 1,2,4-cyclohexanetrione 4-
mono(ethylene ketal) (31) and our projected synthesis of eilatin was halted 
at this stage. 
VI. Conclusion 
Eupolauridine (1) was synthesized from 1,3-indanedione (11) by a three-
step route in 7.8% overall yield, which is of better yield than the synthesis 
empolyed by Bowden et al? (1.3% overall yield) but is less satisfactory 
compared with that devised by Brachei
6
 (29% overall yield). 





 of 1,3-indanedione (ll)/l-indanone (19) with 4-
aminobut-3-eii-2-one (14) was unable to provide the suitable intermediate, 
onychine (4); only the 3-methyl isomer (16) can be obtained. However, 
theimolysis of 1,3-indanedione mono(oxime O-crotyl ether) (23) gave 
onychine (4) in reasonable yield (19%). On the other hand, 2，3-benzo-l，6-
36 
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diazafluoranthene (9) was synthesized in quantitative yield by a two-step 
V 
I 
route from 11，incorporating a Friedlander condensation13 as a key step. 
VII. Experimental Section 
Solvents used were purified by standard methods. Evaporation of organic 
solvents was carried out by a. rotary evaporator. Merck_ silica gel (60 F 2 5 4) 
precoated on aluminum sheet was used for TLC studies and Merck silica 
gel (70-230-mesh) was used： for column chromatography. Melting points 
were measured on a hot-stage microscope and were uncorrected. ^' 
All proton nuclear magnetic resonance ( ¾ NMR) spectra were recorded 
on a Bnicker Cryospec WM 250 (250 MHz) Spectrometer. Deuterated 
chloroform (CDC13) was used as solvent unless stated otherwise and the 
chemical shift positions were in S(ppm) downfield from internal 
tetramethylsilane (TMS). NMR spectroscopic terms were reported by 
using the following abbreviations : s, singlet; d, doublet; t, triplet; q, 
quartet; my multiplet; br, broad. Mass spectra were recorded on a VG 
Micromass 7070F spectrometer. Elemental analyses were carried out at 







v. , , 
f 
A solution of acetyl chloride (500 g, 6.37 mol) in carbon tetrachloride (2 
L) was placed in a 3 L, 3-necked round-bottomed flask fitted with a 
mechanical stirrer. It was cooled in an ice-salt bath and, with stirring, 
acetylene was passed continuously into the solution. Aluminum chloride (1 
kg, 7.50 mol) was then added in small portions during 6 hours into the 
solution.-After addition of the aluminum chloride was completed, the 
acetylene was bubbled through the solution for another 2 hours. Then the 
reaction mixture was poured carefully into： Ice so that the temperature of 
the resulting solution did not exceed 5 The water layer of tlie- resulting 
solution was then separated from the carbon tetrachloride layer, and 
extracted with diethyl ether. The organic extracts were then combined with 
the 
organic layer, dried with calcium cMoride and filtered. The solvent was 
then evaporated. The residue was distilled under vacuum to give 4-
chIorobut-3-eii-2-oiie (15) (400 g, 60%) as colorless liquid, b.p. 78-79 
°C/101 mm Hg (lit
13
 b.p. 40-45。C/0.24 mm H g ) . ^ NMR (NMR-1) 5 2.28 
(s，3H, -CH3), 6.50-6.55 (d, 1H, -CH=CHC1, / = 13.7 Hz), 7.28-7.34 (d， 
1H，_CH=CHC1，, = 13.7 Hz); MS 104(M+)，106(M++2). 
4-Aminobut-3-en-2-one (14)
11 
Aqueous ammonia (500 mL) was placed into a 1 L, 3-necked r ound - . 
38 
bottomed flask. Upon cooling with ice-water bath, ammonia gas was 
、 . 
bubbled continuously into the solution to maintain saturation. With stirring, 
4-chlorobut-3-en-2-one (15) (104.5 g, 1 mol) was then added within an 
hour...After stirring for a further 20 minutes, excess solid potassium 
carbonate was added and 4-aminobut-3-en-2-one (14) was separated to 
form a brown layer at the top. More potassium carbonate was added and 
the mixture was warmed simultaneously in a water bath. The brown oily 
layer was separated and dissolved in diethyl ether. The ethereal solution 
was then dried with anhydrous potassium carbonate and the solvent was 
evaporated. The residue -was- then distilled under v-acuum to give 4-
ammobiit-3-en-2-one-(l4) as yellow liquid-(70.7 g, 83%), b.p. 74-74.5 
。C/1.2 mm HgOit1〕b.p. 70-71。C/0.2 mm Hg); iHNMR (NMR-2) 5 1.95 (s, 
3H，-CH3)，4.94-4.97 (d, 1H，-CH=CHNH2, / = 7 . 5 Hz), 6.64-6.68 centered 
at 6.66 (m, 1H, -CH=CHNH2), 5.93，8.97 (br, 1H each); MS mle 85 
(M+). 
4-Aza-3-methylfluorene (21)4 
1-Indanone (19) (0.50 g, 3.7 mmol) and 4-aminobut-3-en-2-one (14) 
(0.64 g, 7.5 mmol) were placed in a 25 mL round-bottomed flask equipped 
with a reflux condenser. Aqueous acetic acid (80% v.v.，10 mL) was added 




resulting solution was cooled and neutralized with 2N sodium hydroxide 
.(80 mL). The resulting mixture was then extracted with chloroform (3 x 
40 mL). The organic layer was dried with anhydrous magnesium sulfate, 
filtered and the solvent was evaporated under reduced pressure. The 
I 
product 21 was separated by flash chromatography on silica gel (ethyl 
acetate/hexanes = 1/6，i?, = 0.3,0) as a brown oil (0.67 g, 100%). NMR 
(NMR-5) 5 2.63 (s, 3H, -CH3), 3.72 (s，2H，-CHr), 6.96-6.99 (d，1H,/^-H, 
J = 7.7 Hz), 7.32-7.50 (m，3H, ArH), 7.58-7.61 (d, 1H,产H，J = 7.7 Hz), 
8.10-8.13:(d，1H, ArH， : /= 6AHz);:C 1 3 NMR (NMR-6) 5 24.04，33.84， 
120.41, 120.54, 124.77, 126.79, 128.02, 132.0^, 133.34, 140.71, 143.68， 
156.62； 159.64; MS m/e 181 (M+). 
4-Aza-3-methylfluoren-9-one (16)4 
a) 1,3-indanedione ( l l ) (1.0 g, 6.8 mmol) and 4-aminobut-3-en-2-one 
(14) (0.60 g, 7,1. mmol) were placed in a 25 mL round-bottomed flask 
fitted with a reflux condenser. Aqueous acetic acid (80% v.v., 13 mL) was 
added, the resulting solution was refluxed at 130 °C for 20 hours. The 
resulting solution was cooled and poured into 2N sodium hydroxide (100 
mL) and was then extracted with chloroform (3 x 40 mL). The organic 
layer was then dried with anhydrous magnesium sulfate and the solvent was 
evaporated. Flash column chromatography on silica gel (ethyl 
40 
acetate/hexanes =1 /6，Rf = 0.21 ) gave the product 16 as a yellow solid 
' (0.65 g, 81%), m.p. 131-133。C; NMR (NMR-3) 5 2.65 (s, 3H, -CH3), 
v 
7.05-7.08 (d，1H，卢-H，J 丄 7.7 Hz), 7.39-7.45 (t, 1H, ArH, J = 7.4 Hz), 
7.52-7-,61 (t, M ArH, J = 7.4Hz)，7.69-7.72 (d, 1H ArH, 7 = 7.4 Hz), 
7.77-7.80 (d, lH, r -H , /=7 . 7 Hz), 7.84-7.87 (d, 1H, ArH, 7 = 7.4 Hz); C
1 3 
NMR (NMR-4) 5 24.96，120.82，122.54, 123.92，125.97，130.71，131.44, 
134.89，135.35，143.73，164.49，165.24，191.61; MS^rnle- = 195 (M+). 
b) A solution of 4-aza-3-methylfluorene-(21+(0〒15 g，0.8 mmol) in 
acetone- (5. IIIL)_. was. placed-im dc MOsmL .round-bottomed flask.. Then a— 
solution of potassium permaganate (0.50 g, 3 mmol) in aqueous acetone 
(50% v.v., 40 mL) was added. The resulting solution was stoppered and 
stirred at room temperature for 4 hours. Then another potassium 
permanganate (1.0 g, 6 mmol) was added and the resulting solution was 
then stirred overnight. The resulting solution was extracted with 
chloroform (3 x 30 mL), The organic layer was dried over anhydrous 
magnesium sulfate and the solvent was then evaporated. Flash column . 
chromatography on silica gel (ethyl acetate/hexanes = 1/6，Rf= 0.21) gave 
4-aza-3-methylfluoren-9-orie (16) as yellow solid (0.1 g, 68%). The 
physical and spectroscopic properties of the isolated product were identical 




A solution of hydroxylapiine hydrochloride (70 g, 1.1 mol) in pyridine 
(1.5 L) in a 1 L round-bottomed flask was cooled to 30 °C, phthalic 
anhydride (26) (147 g, 1.0 mol) was added in one portion, and the flask 
was swirled until a clear solution resulted. The solution was heated at an 
internal temperature of 90 °C for 15 minutes and pyridine was evaporated. 
The::hot viscous—residue—w:as-added rapidly to IN acetic acid (1 L)- and the 
resulting precipitate- was. collected，washed thoroughly with acetic acid 
(0 .0IN) ami a i r dried: to give 27 (107g, 60%), m.p. 235-
238。C (lit25 m.p. 237-240-。Q. •  •  
A^-Crotyloxyphthalimide (28)8 
Crotyl chloride (25) (2.8 g, 31 mmol) was added dropwise with stirring 
to a suspension of anhydrous potassium carbonate (4.3 g) and N-
hydroxyphttiaiimide (27) (5.0 g, 31 mmol) in dimethylsulfoxide (50 mL) 
at 25 °C. When the addition was completed, the whole was stirred at room 
temperature for 24 hours, then it was poured into cold water (500 mL). 
The precipitated crystals were collected, washed with water and dried. The 
crystals were recrystallized from absolute ethanol to give N-
crotyloxyphthalimide (28) (6.8 g, 95%) as white crystals, m.p. 115-118。C 
42 
(lit^ m.p. 116-118。C); NMR (NMR-7) 5 1.70-1.72 (d, 3H, -CH3, J 二 5.1 
V 
Hz), 4.63-4.65 (dd, 2H„ - 0 - ^ - , / = 5.95, .75 Hz), 5.80-5.84 centered at 
5.82 (m, 2H, olefinic H), 7.73-7.86 centered at.7.80 (m, 4H, ArH); MS, 
mle 217(M+). — 
- . I 
O-Crotylhydroxylamine hydrochloride (24)8 
A mixture of O-crotyloxyphthalimide (28) (10.7 g，49 mmol), 100% 
hydrazine monohydrate (5 mL), and absolute ethanol (100 mL) was heated 
under reflux for 2-hoursand poured into 3% aqueous sodium carbonate 
("500" mL). The： solution^^ with- diethyl ether. The ethereal 
extract was washed with water, dried with anhydrous magnesium sulfate, 
and filtered. The filtrate was treated with dry hydrogen chloride gas. 
Removal of ether gave (9-crotylhydroxylamine hydrochloride (24) as a 
gum. Solid potassieni hydroxide-^as then-added to a distillation flask 
together with the gum, and the-mixture was subjected to distillation to give 
a-crotylhydroxylamine (3.6 g, 85%), b.p. 95-100 °C (lit
8
 b.p. 95-100 °C); 
X
H NMR (CDCl3/D20) (NMR-8) 8 1.72-1.75 (dd, 3H，-CHg, J34 = 6.2 Hz, 
】24 二 1.2 Hz), 4.09-4.12 (dd, 2H, = 7.3 Hz； = 1.2 Hz), 5.56-5.83 
centered at 5.69 (m, 2H, olefinic H); MS /n/^ = 88 (M
+
) • The O-
crotylhydroxylamine was then dissolved in 2N HC1 (25 mL), evaporation 
of water gave hydrochloride 24 as white hygroscopic solid (5.0 g, 100%). 
43 
> 
1-Indanone oxime. O-crotyl ether (22)
4 
V 
A solution of 1-indanone (19) (0.13 g, 0.96 mmol) in ^rr-butanol (10 
mL) was placed in a 50 mL round-bottomed flask fitted with a reflux 
condenser, A solution of O-crotyl hydroxylamine hydrochloride (24) (0.17 
g, 1.4 mmol) in r^rr-butanol (17 mL) was then added. The resulting 
solution was refluxed at 130-140 °C under nitrogen for 24 hours. The 
resulting solution was cooled and the solvent was evaporated. Hash column 
chromatography on silica gel (ethyl acetate/hexanes =1/6，i?厂 二0.65) gave 
1-indanone oxime O-crotyl. ether (22) (83:111¾. 44%) as; colorless oil. 
NMR (NMR-9) 5.1^3^1^6-.((1, 3H,- -CS3,7= 5.4:Hz), 2.87-3.03 centered at 
2.95 (m，4H,-CH2CHr), 4.61-4.63 (d, 2 H , - 0 - C H r , / = 6.1 Hz), 5.77-5.81 
centered at 5.79 (m, 2H, olefinic H), 7.26-7.33 (m, 3H, ArH), 7.69-7.72 (d， 
1H, ArH, J 二 7.5 Hz); MS m/e = 201 (M
+
). : 
l，3_Indaiiedioiie mono(oxime O-crotyl ether) (23) and 1,3-
indanedione bis(oxime O-crotyl ether) (29) 
A solution of 13-indanedione (11) (0.12 g, 0.82 mmol) in rm-butanol 
(5 mL) was placed in a 100 mL, three-necked round-bottomed flask fitted 
with a reflux condenser. The solution was heated at 150 °C under nitrogen. 
A solution of O-crotyl hydroxylamine hydrochloride (24) (0.10 g, 0.8 
mmoD in rerr-butanol (40 mL) was added dropwise through an addition 
44 
funnel to the solution during 8 hours. The resulting solution was refluxed 
for 16 hours and then cooled, the solvent was evaporated. Flash column 
chromatography on silica gel (ethyl acetate/hexanes 二 1/2) gave two 
products:. 
a) 1,3-indanedione mono(oxime (9-crotyl ether) (23) was isolated as 
yellow solid (90 mg, 50%) (i?, 二 0.18). It can be purified by sublimation at 
70。C under vacuum (0.5 mmHg), m.p. = 69-72。C ；1H NMR (NMR-10) 5 
L75-LI7 ( i 3H, -0¾丄二 5.9—Hz),-3.39 (s, 2H, -CH2-), 4.67-4,69-(d, 2H, 
-0-CH2-, / = 5.5 Hz)，5.70-5.89 centered at 5.80 (m, 2H, olefinic. H), 7.50-
7.56 (t, lH.ArH, /=7.6 Hz), 7.65-7.71 (t，IH, ArH, / = 7.&Hz), 7.80.7.86 
(d，IH, A r H , / = 7.6 Hz), 7.93-?.96-(d, IH, ArH，/= 7.6 Hz); MS m/e 215 
(M+). 
Anal. Calcd. C =72.52%, H = 6.10%, N = 6.53% 
Found C = 72.88%, H = 6.08%, N =-6.48% .. 
b) 1,3-indanedioiie bis(oxime 0-crotyl ether) (29) was isolated as white 
solid (58 mg, 25%) (Rf= 0:29). It can be purified by recrystallizatioa with 
absolute ethano! to give white needles, m.p. 122-126 °C; NMR (NMR-
11) 5 1.73^1.76 (d, 3H, - 0 ^ / = 5.9 Hz), 3.60 (s, 2H, - ( ¾ ^ 4.62-4.65 、 
(d, 2H, -0-CH2-, J = 5.4 Hz), 5.72-5.81 centered at 5.77 (m, 2H, olefinic 




quartets, AA'BB' system,/站=5.8 Hz, JM’ = 3.2 Hz); MS mle 201 (M+); 
Anal. Calcd. C = 71.78%, H = 7.09%, N = 9.89% 
Bound C = 71.69%，H = 7.00%，N = 9.62% -
4-Aza-l-methylfluorene (20.)4 and 4-aza-3-methylfluorene (21) 
1-Indanone oxime O-crotyl ether (22) (1.0 g, 5.0 mmol) was placed in a 
glass tube, sealed under air It was then heated- a t 170—180- °C (oikbatii)- for 
48 hours. The resulting dark brown oil was then cooled, dissolved, in 
chloroform, dried over anhydrous magnesium sulfate and the solvent was 
evaporated. Flash column chromatography on silica gel (ethyl 
acetate/hexanes = 1/6) gave two products: 
a) 4-aza-1 -methyifluorene (2 0) was isolated as yellow oil (0.15 g, 
16.6%) ( ^ = 0,13》!H NMR (NMR-12) 5 2.51 (s，3H, -¾¾)，3.86 (s，2H, 
-CH2-), 7.13-7.15 (d, 1H, p-R, J = 5.5 Hz), 7.44-7.53 (m, 2H, ArH), 1.59-
7.63 (m, 1H, ArH), 8.35-838 (m, 1H, ArH) and 8.45-8.48 (d, 1H, a-H, J = 
5.5 Hz); MS mle 181 (M
+
). 
b) 4-aza-3-methyifluorene (21) was isolated as brown oil (50 mg, 5%) 
i
R
f = 0.30). The physical and spectroscopic properties were identical with 




a) A solution of 1,3-indanedione mono(oxime O-crotyl ether) (23) (0.17 
g, 0.79 mmol) in quinoline (1 mL) was placed in a glass tube sealed under 
air. It was then heated at 170-1,80 °C (oil bath) for 72 hours. The resulting 
dark brown solution was then vacuum distilled (60-60.5 °C/4 mm Hg) to 
remove most solvents. The residue was then seperated by flash column 
chromatography on silica gel (ethyl acetate/hexanes 二 1/12，Rj： = 0.1 i) to 
give 4-aza-l-methylfluoren-9-one (4) as yellaw solid (29-mg, 18.8%)^m.p. 
132-135。C (lit4 m.p. 133-135 °C); NMR： (NMR-13) 5 2:61 (s，3H, 
-CH3), 6.93-6.95 (d, 1H,炉H，J= 5.3 Hz), 7.37-7.43 (dt, 1H, m-ArH, J o r t h o 
=7.4 Hz, / ^ = 1 . 2 Hz), 7.53-7.59 (dt, 1H, m-ArH, J o r t h o - 7.4 Hz, Jmeta = 
1.2 Hz), 7.64-7.68 (dd, 1H, o-AvR,冬彻=7.4 Hz, J ^ = 1.2 Hz), 7.78-
7.82 (dd，IR, o-AxU, Jortho = 7.4Hz, 7感：12 Hz), 8.38-8.40 (d, 1H，a-H, 
/ = 5 . 3 Hz); MS mle 195 (M
+
). 
b) A solution of 4-aza-l-methylfluorene (20) (63 mg, 0.35 mmol) in 
acetone (5 mL) was placed in a 50 mL round-bottomed flask, a solution of 
potassium permanganate (0.13 g) in H 2 0 (5 mL) was then added. The 
resulting solution was stoppered and stirred at room temperature for 24 
hours. T&en a solution of potassium permanganate (0.5 g) in H2〇(30 mL) 
was added and the solution was stirred for another 16 hours. The resulting 
47 
solution was extracted with chloroform (3 x 25 mL). The organic layer 
was dried over anhydrous magnesium sulfate. Solvent was then evaporated 
to give 4-aza-l-methylfluoren-9-one (4) as yellow needles (45 mg, 68%). 
The physical and spectroscopic properties were identical with an authentic 
sample. 
Eupolauridine (1,6-Diazafluoranthene) (l)3,6 
A solution of 4-aza-1 -methylfluoren-9-one (10) (45 mg, 0.23 mmol) in 
iV，iV-dimethyr formamide (0.5 mL) was placed in a 25 mL, two-necked 
round-bottomed-flask-fitted wititi-a: reflux condenser and a septum. N，N-
Dimethyl formamide diethyl acetal (0.1 g, 0.6 mmol) was then injected 
with a syringe through the septum. The resulting mixture was then 
refluxed for 4 hours until a deep red solution resulted/Then ammonium 
chloride (1.5 g) and glacial acetic acid (5 mL) were-added and the resulting 
suspension was heated at 120 °C for another hour. The resulting mixture 
was then cooled and poured into water (100 mL). It was extracted with 
dichloromethane (4 x 50 mL) and the organic layer was then extracted 
successively with saturated sodium hydrogen carbonate solution (3 x 50 
mL) and water (50 mL). The organic layer was then dried over anhydrous 
magnesium sulfate and the solvent was then evaporated. Flash column 
chromatography on silica gel (ethyl acetate/hexanes = 1/6，R/ = 0.37) gave 
eupolauridine (1) (39 mg, 83%) as yellow needles, m.p. 156-157。C (lit3 
48 
m.p, 156-157。C);  lU NMR (NMR-14) 5 7.44-7.46 (d, 2H, /5-H，J = 6.0 
V 
Hz), 7.48-7.51 centered at 7.50, 8.00-8.03 centered at 8.02 (two 1:1:1:1 
quartets, AA，BB，system,/仙 二 5.4 Hz, J ^ = 3.2 Hz), 8.72-8.74 (d, 2H, a-
H，/ = 6.0 Hz); MS m!e 204 (M+). 
2,3-Benzo-4-aza-l-methylfluoren-9-one (12) 
A solution of 1,3-indanedione (H) (1.0 g, 6.8 mmol) in aqueous acetic 
acid (80% v.v.，10-mL) was-placeiiii a. 2"5mL round-bott髓ed~flask~fittedr 
with a reflux condenser. 2-Amirxoacetophenone (13) (1.0 g, 7.4 mmol) was 
then added, the resulting mixture was refluxed at 130 °C (oil bath) for 4 
hours and then cooled. The resulting yellow precipitate resulted was then 
filtered, washed with water and air-dried to give crude 12 (1.7g, 100%)， 
which was then recrystallized from absolute ethanol to give 12 as light 
yellow needles, m.p. 179-182。C;  lKNMR (NMR-15) 5 3.03 (s, 3H, -QJ3)， 
7.47-7.57 (m, 2H, ArH), 7.63-7.81 (m，3H, ArH), 8.06-8.10 (m，3H, 
ArH). MS m/e 245 (M+). 
Anal. Calcd. C = 83.22%, H = 4.52%, N = 5.73% 




A solution of 2,3-benzo-4-aza-1 -methylfluren-9-one (12) (0.70 g, 3.2 
mmol),in N^-dimethyl formamide (2 mL) was placed in a 25 mL, two-
necked round-bottomed flask fitted with a reflux condenser and a septum. 
A constant flow of nitrogen was maintained through the apparatus during 
the reaction. The solution was heated at 120 °C (oil bath) and A/,A^-dimethyl 
formamide diethyl acetal 1(0.56 g, 3.8 mmol) was injected through the 
septum; The resulting mixture was refluxed for 3 hours until a deep red 
solution- was resulted; Ammonium chloride (L5 g) and glacial acetic acid 
(5-mL) 
were theribaddecLaiid:the resulting suspension was-hcated at 120 °C 
for another 2 hours. It was then cooled and poured into water (100 mL). 
The solution was extracted with dichloromethane (4 x 50 mL) and the 
combined organic extracts were further extracted with saturated sodium 
hydrogen carbonate solution (3 x 50 mL), followed by washing with water 
(50 mL). The solvent was then evaporated. Flash column chromatography 
on silica gel (ethyl acetate/hexanes = 1/6，Rf = 0.11) gave 2,3-benzo-l,6-
diazafluoranthene (9) as yellow solid (0.72 g, 100%), which was purified 
by recrystallization from ethyl acetate to give yellow needles, m.p, 175-176 
。C; m NMR (NMR-16) 5 7.50-7.54 centered at 7.52 (m, 2H, ArH), 7.66-
7.73 (dt, 1H, m -ArH, J o r t h o = 7.S Hz, J ^ = 1.4 Hz), 7.80-7.87 (dt, 1H, 
m-AiH, J o r t h o = 7.8 H z , 1 . 4 Hz), 7.93-7.95 (d, 1H, j3-H,/= 5.9 Hz), 
8.02-8.06 centered at 8.04 (m, 1H，ArH), 8,12-8.16 centered at 8.14 (m， 
50 
1H, ArH), 8.28-8.32 (dd, 1H,〜ArH，Jortho 爾 7.8 H z , = 1.4 Hz), 8.38-
8.42 (dd, 1H，o-ArH, J o r [ h o « 7.8 hz, J碰=1.4 Hz), 8.84-8.86 (1H, a-H, J 
=5.9 Hz); MS m/e 254 (M
+
). 
Anal. Calcd. C = 84.98%，H = 3.96%, N = 11.05% 
Found G = 84.83%, H = 3.82%, N = 10.98% 
1,2-Cycl o hex anedi an e- (54)20 
In a 3 L round-bottomed flask, fitted with a stirrer and a_dropping 
funnel, cooled in a 
water bath was placed cyclohexsnone (1708g, 1T.4 
mol). Tap water was circulated through the water bath, and a solution 
containing selenium dioxide (333 g), dioxane (500 mL)，and water (154 
mL) was added dropwise and with stirring to the cyclohexanone over a 
period of 3 hours. The reaction mixture immediately turned yellow, and 
red amorphous selenium gradually appeared. Stirring was continued for 
five additional hours at water-bath temperature (< 30 °C) and then six 
more hours at room temperature. Removal of the bulky, amorphous 
selenium was accomplished with aid of a 6-inch Buchner funnel. The 
filtered selenium was extracted with boiling 95% ethanol (300 mL) for 1 
hour. The solution, obtained by decantation from the compact gray 
selenium, was combined with the above filtrate in a distilling flask. 
Distillation under reduced pressure gave two fractions. The lower-boiling 
51 
fraction (25-60 °C/16mm Hg) consisted mainly of ethanol, water, dioxane, 
and cyclohexanone; the higher boiling one (60-90 °C/16 mm Hg) contained 
cyclohexanone and 1,2-c^clohexanedione (34) together with traces of 
water and dioxane. 
The higher-boiling fraction is redistilled, and again two fractions, boiling 
at 25-75。(：/16 mm Hg and 15-19 0C/16 mm Hg were collected. The latter 
fraction is essentially pure 1,2-cyclohexanedione (34) (202.5 g, 60% based 






(NMR-17) 5 1.96-2.06 (m,2H)}. 2.36-2.43 (m, 2H), 2.51-2.56 (m，_ 2H), 





A mixture of 2-aminoacetophenoiie (13) (5.4 g, 40 mmol) and 1,2-
cyclohexanedione (34) (2.2 g, 20 mmol) was placed in a 25 mL round-
bottomed flask fitted with condenser was heated in a oil bath at 160 °C for 
8 hours. It was then cooled and the resulting brown syrupy mass was mixed 
with a little methanol and stirred. The resulting yellow precipitate was 
filtered with a Buchner funnel. It was then recrystallized twice from 
absolute ethanol to give 4J-dimethyl-2,3,8,9-dibenzo-5,6-dihydro-l,10-
phenanthroline (35) (4.1 g，76%) as white needles, m.p. 271-272。C (lit13 
52 — 
* 
m.p. 271-272。C); / H NMR (NMR-18) 5 2.74 (s, 6H, 2 -CH3), 3.25 (s, 4H, 
‘ .. 
2 -CI^-), 7.55-7.61 (t, 2H, 2 m-ArH, J o n h o 二 7.6 Hz), 7.67-7.73 (t, 2H, 2 
m-ArH, J o r t h o = 7.6 Hz) 8.02-8.05 (d, 2H, 2 …ArH, J o r t h o = 7.6 Hz), 8.43-
8.47(d，2H, 2 …ArH，Jortho 二 1.6 Hz); MS mle 310 (M+). 一 — 
2,5-Dicarbethoxy-l,4-cyclohexanedione (36)22 
I 
A solution of sodium ethaxide was prepared by adding small、pieces of 
sodium (92 g, 4.0 mol) as rapidly as possible to absolute ethanol (900 mL) 
contained in a 3 L,^three-necked:,- round-bottomed flask equipped with a 
-Stopper, a mechanical stirrer and- a-refiux. condenser w-ith a drying tube 
packed with calcium chloride and soda lime. The reaction was completed 
by heating the mixture under reflux for 3-4 hours. To the hot solution was 
added diethyl succinate (384.4 g, 2,0 mol) in one portion and the mixture 
was heated under reflux by maintaining the: original bath" temperature for 
24 hours. Thick pink-colored precipitates were, formed almost immediately 
and remained throughout the reaction. 
At the end of the. 24 hour period, ethanol was removed under reduced 
pressure on a steam bath. Then 2 N sulfuric acid solution (2 L) was added 
to the warm residue, and the mixture was stirred vigorously for 3-4 hours. 
The solid was removed by suction filtration and washed several times with 
water. The air-dried solid was added to ethyl acetate (1:5 L), and the 
mixture was heated to boiling and. was filtered rapidly while hot. The 
53 
filtrate was chilled, and it yielded cream to pink-cream colored crystals of 
V 
2,5-dicarbethoxy-l,4-cyclohexanedione (36) (160 g, 64%), m.p. 124-128 
°C; (lit
22
 m.p. 126.5-128.5。C);扭 NMR (NMR-19) 5 1.29-1.35(t, 6H, 2 -
CH2CH3, J = 7.2 Hz), 3.18 (s, 4H, -CO-CH2-), 4.21-4,29 (q, 4H, 2 -
CH2CH3, /=7.2 Hz), 8.55 (s, 2H, enolic H); MS mle 256 (M+), 
1,4-Cyclohexanedione (33)
22，23 
2,5-Dicarbethoxy-U4-cyclohexanedione (36) (41 g, 0.1,6 mol) was 
suspended in a solution consisting of 85% phosphoric acid (160 g), water 
(1.2 L) and- efeaixol (20 mL), The mixture was refluxed for 5 days until all 
the starting material had dissolved. The solution was then continuously 
extracted with chloroform. Drying and solvent evaporation gave 1,4-
cyclohexanedione (33) as pale yellow solid (17.6 g, 100%), m.p. 77-78 °C 
( l i t
2
3 m p . 78-79.5。C); iH N 嫩 • 腿 - 2 0 ) S 2.72 & MS, mle 
112 (M+). 
1,4-Cyclohexanedione bis(ethylene ketal) (37)24 
A solution of 1,4-cyclohexanedione (33) (15 g, 0.075 mol) in benzene 
(150 mL) was placed in a 50 mL round-bottomed flask fitted with a Dean-
Stark trap, ethylene glycol (16.6 g, 0.27 mol) and p-toluenesulfonic acid 
54 
(0.1 g) was added to the solution. The resulting mixture was then refluxed 
at 120。C (oil bath) until 4.8 mL water (2 hours) was collected. The 
solvent was then evaporated and recrystallization of the residue with 
diethyl ether gave 1,4-cyclohexanedione bis (ethylene ketal)„(37) (26.7 g, 
100%) as white crystals, m.p. 75-80 °C (lit
24
 m.p. 79-80。C); m NMR 
(NMR-21) 5 1.79 (s, 8H, -COCIfe-), 3.95 (s, 8H); MS mle 200 (M+). 
1,4-Cyclohexanedione mono(ethyrene—ketal) (32)
2 4 
A solution of 1,4-cyclohexanedione (33) (16.8 g, 0.15 mol〉and 1,4-
cyclohexanedione bis(ethylene ketal) (37) (20 g, 0.10 mol) in toluene (200 
mL) was placed in a 500 mL round-bottomed flask fitted with reflux 
condenser. p-Toluenesulfonic acid (4 g) was then added and the resulting 
mixture was heated at 100 °C (oil bath) for 75 minutes. Then 
triethylamine (0.2 mL) was added and the solvent was evaporated. The 
resulting viscous liquid was then dissolved in a solution of diethyl ether and . 
petroleum ether (60/40 v.v., 3 L) and filtered rapidly through 300 g silica 
gel (Kieselgel 60). The filtrate was then evaporated, and the residue was 
then crystallized from 80% diethyl ether/petroleum ether solution to give 
the monoacetal 32 as white crystals (15.5 g 50%)，m.p, 73-76 °C (lit24 m.p. 
74-76。C) ； iH NMR (NMR-22) 5 2.00-2.05 (t, 4H, J : 7.0 Hz), 2.50-2.55 
(t，4H,/= 7.0 Hz), 4.05 (s, 4H); MS mle 156 (M+). 
55 
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IX. NMR Spectra 
V 
Page 
NMR-1 : 4-Chlorobut-3-en-2-one (15) ..(60) 
NMR-2 : 4-Aminobut-3-en-2-one (14) “（61) 
NMR-3 : 4-Aza-3-methylfluoren-9-one (16)…"... ...".…"……..."…...(62) 
NMR-4 ： 4-Aza-3-methylfluoren-9-one (16) (1 3C NMR) (63) 
NMR-5 : 4-Aza-3-methylfIuorene (2-1)..……..."•••"" .....(64) 
NMR-6 : 4-Aza-3-methylfluorene (21) (
1 3
C NMR)... : (65) 
ISTMR-T" rO-Crotyloxyphtfiaimiide"(28) (66) 
NMR-8 : O-Crotylhydroxylamine ."•• .C.•…..(67) 
NMR-9 : 1-Iadanone oxime O-crotyl ether (22)........... …… .(68) 
NMR-10 : 1,3-Indanedione mono(oxime O-crotyl ether) (23) (69) 
NMR-11 : 1,3-tidanedione bis(oxime O-crotyl ether) (29)., ……………(70) 
NMR-12 : 4-Aza-l-methyffluorene (20). . ." . .""""". ……………"."(71) 
NMR-13 : 4-Aza-l-methylfluoren-9-one (4) (72) 
NMR-14 : Eupolauridine (1)" (73) 
NMR-15 : 2,3-Benzo-4-aza-1 -methylfluoren-9-one (12) 《74) 
NMR-16 : 2,3-Benzo-1,6-diazafluoranthene (9) …(75) 
NMR-17 : 1,2-Gyclohexanedione (34)",.""••"••••"• ...(76) 
NMR-18 : 4，7-Dimethyl-2，3,8，9-dibenzo-5，6-dihydrol，10-pheiianthroline 
(35).., •••••.•••••••,.•….......••..……•……(77) 
NMR-19 ： 2,5-Dicarbethoxy-l,4-cyclohexanedione (36) (78) 
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* 
NMR-20 ： 1,4-Cyclohexanedione (33).. (79) 
NMR-21 : 1,4-Cyclohexanedione bis(ethylene ketal) (37) (80) 
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